ABSTRACT. We investigated the role of 7 single nucleotide polymorphisms in the carbonic anhydrase (CA) VI gene (rs2274328, rs17032907, rs11576766, rs2274333, rs10864376, rs3765964, and rs6680186) and the possible association between these polymorphisms and dental caries susceptibility in a Northwestern Chinese population. We collected samples from 164 high caries experience and 191 very low caries experience and conducted a case-control study according to the number of decayed, missing, and filled teeth index and genotyped the 7 polymorphisms using a 384-well plate format with the Sequenom MassARRAY platform. Individuals carrying the rs17032907 TT genotype were more likely to have an increased risk of dental caries compared with carriers of the C/C genotype in the co-dominant model, with an odds ratio (95% confidence interval) of 2.144 (1. 096-4.195). We also found that the haplotype (ACA) (rs2274328, rs17032907 and rs11576766) was associated with a low number of decayed, missing, and filled teeth index with an odds ratio (95% confidence interval) of 5987 Genetic polymorphisms and dental caries ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (2): 5986-5993 (2015) 0.635 (0.440-0.918). However, we found no association between dental caries susceptibility and the rs2274328, rs11576766, rs2274333, rs10864376, rs3765964, and rs6680186 polymorphisms and other haplotypes. The rs17032907 genetic variant and the haplotype (ACA) of CA VI may be associated with dental caries susceptibility.
INTRODUCTION
Dental caries is a chronic infectious disease that is common worldwide. This disease can cause dental pain, tooth loss, and more severe systemic disease (Mattila et al., 1995; Petersen, 2003) . Studies of twins (Shuler, 2001) , families and animal breeding (Hunt, 1944; Klein, 1946) , and genomics (Shelling and Ferguson, 2007) indicated that dental caries has an important genetic component and that 40-65% of caries risk may be related to genetic factors (Bretz et al., 2005) . It has been widely established that dental caries is mostly influenced by environmental factors such as microbial, diet, oral hygiene, and host aspects (LenanderLumikari et al., 2000; Petersen, 2003; Nariyama et al., 2004) ; however, there is increasing evidence for a genetic component in caries susceptibility (Patir et al., 2008; Azevedo et al., 2010; Ozturk et al., 2010; Kang et al., 2011) . Therefore, genes may have an important role in the initiation and progression of dental caries.
Carbonic anhydrases (CAs) participate in the maintenance of pH homeostasis and CO 2 and ion transport in human tissue by catalyzing the reversible hydration of carbon dioxide in the following reaction: CO 2 + H 2 O ↔ HCO 3 -+ H + (Davenport, 1939; Kivelä, 1997) . At least 11 isozymes of CA and CA-related proteins have been identified in mammals, and more than 2 are expressed in salivary physiology (Kadoya et al., 1987) . Among these, carbonic anhydrase isoenzyme VI (CA VI) is the only secretory isoenzyme in the mammalian CA gene family. It is exclusively expressed in the serous acinar cells of the parotid and submandibular glands, from where it is secreted into the saliva and plays a key role in the oral microenvironment, such as maintaining oral pH (Kivelä et al., 1999a) .
Salivary CA VI has been implicated in taste (Henkin et al., 1999) and gastrointestinal dysfunctions (Kivelä et al., 1999a ). In 1974 , Szabó (1974 reported higher CA activity levels in caries-free children than in children with active caries. Further, Kivela et al. (1999b) showed that salivary CA VI is negatively correlated with number of decayed, missing, and filled teeth (DMFT) index values, particularly in individuals with poor oral hygiene, but no correlation was found between salivary CA VI concentration and Lactobacillus or Streptococcus mutans counts. Moreover, CA VI binds to the enamel pellicle and retains its enzymatic activity on the tooth surface, which may catalyze the conversion of salivary bicarbonate and microbe-delivered hydrogen ions to carbon dioxide and water (Leinonen et al., 1999; Kimoto et al., 2006) . It was recently reported that a C/T polymorphism in CA VI may be associated with salivary buffer capacity (Peres et al., 2010) . These data suggested that salivary CA VI plays an important role in protecting the teeth from caries.
The CA VI gene is located at 1p36.2, and contains 8 exons and 7 introns (Jiang and Gupta, 1999) . Previous studies (Peres et al., 2010; Padiglia et al., 2010; Koç et al., 2012) examining CA VI gene polymorphisms mainly focused on exon 2 or 3, as these polymorphisms result in changes in the amino acid sequence in the secreted protein and may interfere with enzyme function. However, the introns may be involved in the regulation of gene expression, but no studies have examined the relationship between polymorphisms in the intron regions of the CA VI gene and caries susceptibility. Moreover, studies examining the association between genetic polymorphisms in CA VI genes and dental caries are rare (Padiglia et al., 2010; Koç et al., 2012) . To identify potential markers for predicting the susceptibility to dental caries, we investigated the association between 7 single nucleotide polymorphisms (SNPs) in the CA VI gene and dental caries in subjects from northwestern China.
MATERIAL AND METHODS

Study subjects
We recruited 355 individuals for participation in the study. All participants were permanent residents from an autonomous county in the Gansu Province in northwestern China, who were obtained and recruited during their health examinations with the help of China's ethnic affairs commission in 2011. All individuals received an oral and dental examination performed by 2 associate professors who had undergone uniform training to ensure standardization of inspections. The kappa value was determined to be 0.8. DMFT was assessed based on World Health Organization criteria (WHO, 1997). The subjects were divided into 2 groups according to DMFT index Kang et al., 2011) . The high caries experience group (DMFT ≥ 3, the case group) included 164 subjects, while the low caries experience (DMFT ≤ 2, control group) included 191 subjects.
All subjects from the Northwest Chinese population had a similar socioeconomic status and showed no significant differences in gender or age among groups. The study was performed in accordance with the guidelines set by the ethics committee of Northwest University for Nationalities, and informed consent was obtained from all subjects.
DNA collection and genotyping
Genomic DNA was prepared from blood samples using a DNA Micro Kit (Shanghai Lifefeng Biotechnology Co. Ltd., Shanghai, China) according to manufacturer instructions. All genotypes in the7 SNPs within the CA VI gene were determined on a 384-well plate format using the Sequenom MassARRAY RS1000 platform following the manufacturer protocol (Sequenom, San Diego, CA, USA). Poly merase chain reaction (PCR) products were verified by 1.0% agarose gel electrophoresis and visualized by ethidium bromide staining under ultraviolet light. Genotyping was performed without knowledge of the dental caries status of the subjects, and reproducibility was confirmed by repeat analysis of a randomly chosen subgroup of 5% of the study participants. The PCR primers were designed using the AssayDesigner3.1 software and synthesized by Biotechnology Company (Shanghai, China); primer sequences are shown in Table 1 .
Statistical analysis
Demographic characteristics of the 2 groups were described as the frequencies and percentages, whereas descriptive statistics were presented as the mean and standard deviations for continuous measures. Hardy-Weinberg equilibrium for the 7 SNPs was assessed using a chi-square (c 2 ) test. The differences in genotype frequencies between groups were tested using a chi-square test, and dominant and co-dominant genetic models were used to evaluate the associations between each SNP and caries risk. For each polymorphism, the odds ratio (OR) and 95% confidence interval (CI) were calculated by unconditional logistic regression analysis adjusted for potential risk fac tors. A linkage disequilibrium block of polymorphisms was tested using Haploview 4.2 and estimated with D' (Lewontin, 1964) . A P value of less than 0.05 was considered to be statistically significant. All statistical analyses were performed using the SPSS software, version 13.0 for Windows (SPSS Inc., Chicago, IL, USA). 
RESULTS
The demographic and clinical characteristics of the study population are summarized in Table 2 . The high caries experience group (DMFT ≥ 3) included 164 subjects (84 male and 80 female, mean age 51.16 ± 9.48 years) and the low caries experience group (DMFT ≤ 2) included 191 subjects (99 male and 92 female, mean age 47.44 ± 9.67 years). DMFT index values ranged from 0-22. There were no statistical differences in concomitant systemic disease between the populations, or in gender and age (P > 0.05).
Seven different polymorphisms were examined in the CA-VI gene. Genotype distributions of the 7 SNPs are shown in Table 3 . In the low caries experience group, the minor allele frequencies were in Hardy-Weinberg equilibrium (Table 3) .
Multivariate logistic regression analysis was conducted to evaluate the effect of the 7 SNPs on caries risk (Table 4) . Individuals with the rs17032907 TT genotype were more likely to have a higher caries experience than carriers of the C/C genotype in the co-dominant model, with an OR (95%CI) of 2.144 (1. 096-4.195 ). However, we found no association between increased or decreased risk of caries and the rs2274328, rs11576766, rs2274333, rs10864376, rs3765964, or rs6680186 polymorphisms in CA-VI.
We demonstrated that a linkage disequilibrium block between 3 SNPs (rs2274328, rs17032907and rs11576766] within the CA VI gene (D' > 0.9, the block in Figure 1) , and the haplotype (ACA) may be associated with low DMFT index; however, other haplotype polymorphisms in CA VI showed no association with dental caries susceptibility (Table 5) . 741 (0.937-3.236) Each haplotype with a frequency more than 0.1 is shown; P values of haplotype association were calculated by Haploview 4.2; "+"means appearance, "-"means not appearance.
DISCUSSION
In the present study, we examined the contribution of 7 polymorphisms in the CA VI gene to the susceptibility to dental caries in Chinese populations. In order to reduce sample heterogeneity, we compared individuals living in the same area and with similar food cultures, oral health habits, water fluorine concentration, and access to oral care.
To identify useful makers for predicting susceptibility to dental caries, we selected 7 polymorphisms (rs2274328, rs17032907, rs11576766, rs2274333, rs10864376, rs3765964, and rs6680186 in exon 2/3 or in the intron region) of the CA VI gene with potential consequences. We found that the genotype of the rs17032907 (C/T) variant increased DMFT scores, while the haplotype (ACA) (rs2274328, rs17032907, and rs11576766) was associated with a lower DMFT index. This is the first study to construct related haplotypes and investigate the genetic impact of the CA VI intron region on dental caries.
Only 4 studies have investigated the association between CA VI gene polymorphisms and dental caries susceptibility, but found no direct relationship with dental caries. In 2009, Yarat et al. (2009) reported that these studies found no differences in the frequency of the SNPs [rs2274327 (C/T), rs2274328 (A/C)], salivary pH, and buffering capacity among Turkish dental students with caries and those who were caries-free. However, a later study including 245 children investigated the same 2 SNPs and reported that 1 SNP [rs2274327 (C/T)] was associated with a decrease in salivary buffering capacity in healthy children, but that the gene polymorphisms were not directly related to caries (Peres et al., 2010) . Recently, 4 SNPs [rs2274327(C/T), rs2274328 (A/C), rs2274329 (G/C), and rs2274330 (G/C)] were studied in 43 subjects, and no correlation was found between SNPs in CA VI exon 2 and salivary buffering capacity or pH; however, a positive significant correlation was found between salivary CA activity and the frequency of SNPs in exon 2 of CA VI in diabetic groups (Koç et al., 2012) . A recent study showed that individuals with the TT genotype (rs2274327) had significantly lower CA VI concentrations than individuals with genotypes CT or CC (P < 0.05). There was also an association between the polymorphism rs2274333 and salivary CA VI concentrations, suggesting that polymorphisms in CA6 gene are associated with the concentrations of secreted CA VI (Aidar et al., 2013) . The results of this study support an association between CA VI gene polymorphisms and dental caries susceptibility in Chinese subjects. Some SNPs may alter enzyme structure, affecting CA VI function.
In summary, we found that CA VI harbors potentially important polymorphic variants. The rs17032907 genetic variant and the haplotype (ACA) of the CA VI gene may be associated with susceptibility to caries and can be used to predict the risk of dental caries in our samples. However, further studies including larger numbers of samples of different ethnic groups are required for further evaluation and confirmation of our findings.
